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8·2GHz BANDWIDTH MONOLITHIC 
INTEGRATED OPTOELECTRONIC RECEIVER 
USING MSM PHOTODIODE AND 0·5,um 
RECESSED-GATE AIGaAs/GaAs HEMTs 
Indexing terms: Optoelecrronics, Rtceiurs. Optical t ommuni-
cation 
An 8·2GHz bandwidth monolithic optoelectronic receiver 
consisting or an MSM photodiode, a transimpcdancc ampli· 
fier, and a 5()fl output buffer has been fabricated using an 
enhancement/depletion ()-5,u:m recessed-gate AIGaAs/GaAs 
H EMT process. Successful operation at data rates up to 
I 0 Gbit/s bas been demonstrated. 
Introduction : Optoelectronic components for light of o-g5 !lm 
wavelength are currently being integrated with electric circuits 
to enhance the performance of the combined circuits. Several 
research groups have reported on the technology of mono-
lithic integration of MESFETs on GaAs with photo· 
detectors.u We report on a high-speed monolithic integrated 
optoelectronic receiver consisting of a metal-semiconductor-
metal (MSM) photodiode, a transimpedance amplifier, and a 
son output buffer. This is the first integrated receiver which is 
based on 0· 5 ,u:m rca:ssed·gate enhancement and depletion 
type AlGaAs/GaAs HEMTs. 
Design and fabrication : The optoelectronic receiver was fabri-
cated using our established process for high-speed analogue 
and digital circuits.>- > This prooess is based on double delta-
doped quantum well AIGaAs/GaAs HEMTs. lt enables fabri· 
cation of enhancement and depletion transistors, diodes, NiCr 
thin film resistors, metal- insulator- metal (MIM) capacitors, 
and airbridge inductors. The interconnection between different 
devices is achieved through two levels of metaUisation. Air· 
bridges can be manufactured during deposition of the second 
metaL Now this standard process includes MSM photodiodes. 
Fig. 1 shows a cross-section of an MSM photodiode inte-
grated with enhancement and depletion type transistors. The 
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vertica.l structure was grown on the semi-insulating GaAs sub-
strate by molecular beam epitaxy in the following order: a 
3000A GaAs buffer with an AIGaAsjGaAs superlattice, a 
2000 A AlGaAs spacer, 17 A 2·5 x lOu em- z Si-delta-doped 
GaAs, a SOA AIGaAs spacer, a ISOA 2-DEG quantum well 
channel, a 33 A AIGaAs spacer, 17 A 4 x lOu em-z Si-delta-
doped GaAs, 33 A AIGaAs, 60 A GaAs, a 30 A 2 x 1017 em- 1 
Si-d oped AlGaAs etch stop, 75 A 2 x 1017 em- 1 Si-doped 
GaAs, a 30A 2 x 1011 cm·> Si-doped A!GaAs etch stop, and 
a 300A 3 x 1018 em-3 Si-doped GaAs cap layer.3 The AI 
mole fraction of the AIGaAs layers was 0· 3. By means of the 
etch stops and a selective reactive ion etch process an exact 
control of the threshold voltages for the enhancement and the 
depletion transistors was obtained. ' ·5 Transistors with 0·5 )lm 
long gates patterned by direct-write electron-beam litho-
graphy showed a typical standard deviation of 25 mV across a 
2" wafer. For the best wafers the standard deviation was less 
than 10m V. A deep wet etch was used to fabricate the recess 
734 
for the interdigitated MSM photodiode deposited on the 
undoped GaAs buffer layer. The photodiode fingers were 
defined by electron-beam lithography" and formed by evapo-
ration and subsequent liftoff ofTi/Pt/Au Schottky metal. 
As shown in Fig. 2 the receiver consists of an MSM photo-
diode, a transimpedance amplifier, and a son output buffer. 
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Fi&- 2 Circuit diagram and layout of optoelectronic rtceil,..,. 
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The photodiode has I pm wide fi.ngers with 1· 5 )liD wide 
spacing and an active area of 25 x 25 pm1. Airbridges connect 
the photodiode to the electric circuit. The transimpedance 
stage itself is composed of two enhancement transistors T2 
and T3 (gate widths 40 !lffi), two I kn NiCr thin 6Jm resistors 
Rl and R4, and a 500n NiCr feedback resistor R1. The 
output buffer stage is a source follower with a constant 
current load (depletion transistors T5 and T6, gate widths 
80 pm).. The layout includes also three blocking capacitors for 
the supply voltages V,0 , V00 and Yss· 
Device and circuit performance: The following mean values for 
the enhancement and depletion AIGaAsfGaAs parameters, 
respectively, have been obtained: threshold voltage = 0·1 and 
- 0·5 V, transconductance = 500 and 390mS/mm, source 
resistance = 0·7 and 0·6nmm, transit frequency= 35 and 
30GHz. The DC responsivities of MSM photodiodes to light 
of 0·84Jlm wavelength were 0·25A/W for 4 V and 0·35A/W 
for 10 V bias voltage, respectively. Tbe dark current at 4 V was 
less than 2 nA. 
All high frequency measurements on the integrated optoel· 
ectronic receivers were performed on-wafer using Cascade 
probes. The photodiode was irradiated by 0·84 11m light from 
a high speed Ortel laser diode via a singlemode fibre. The 
current driving the laser diode was modulated to obtain up to 
0·8 mW peak-to-peal< modulated optical signals. The photo-
diode bias voltage was V,0 = 10 V, the circuit supply voltages 
were V00 = 3 V and l'ss = -IV (Fig. 2). The relative response 
against frequency, measured at the output of the optoelectron-
ic receiver for sinusoidal modulated incident light, is shown in 
Fig. 3. This curve shows that the - 3 dB bandwidth lies at 
8·2GHz. 
The circuit response to a non-return-to-zero (NRZ) optical 
signal at a data rate of IOGbit/s is depicted in Fig. 4. The eye 
diagram of the output voltage demonstrates that the optoelec-
tronic receiver operates successfully for a IOGbit/ s NRZ pseu-
dorandom data stream of length 27 - I bits. 
Conclusions: We have designed, built and tested the first 
monolithic integrated optoelectronic receiver consisting of an 
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MSM photodiode and a transimpcdancc ampHf..:r based on 
recessed-gate quantum well AIGaAs/GaAs HEMTs with two 
' t<cq~ncy ,GHz 
Fla. 3 Mt0$urtdfrtq~ncy rtsponst> of plwtoreceii.VI' 
- 3d8 bandwidth lies at8-2Gih 
10 
r.&rnl 
tlffl(t- . 50ps/d1VISIO(l ~ 
Fie,. 4 Eye diagrum ofoutputoolragefor JOGbit/s NRZ pseudortllldom 
opt icul pulse input 
delta-doped carrier supply layers. The detcelor ciccuit has a 
bandwidth of 8·20Hz and operates at data rates up to 
IOGbit/s. 
Our results show that it is possible to make monolithic 
receivers for extremely high-speed optical signals using our 
established 0· 5 pm gate length process. 
Acknowledgments: This work is a group effort and the authors 
are extremely grateful to the entire technology department 
managed by T. Jakobus. Special thanks go to H. S. Rupprecht 
for his leadership and continuous encouragement, and to the 
members of the devices and circuits department. We would 
Hke to thank the German Federal Ministry of Research and 
Technology for financial support through the GAE-projcct 
NT2778A. and C. Moglestue for critically reading the manu· 
script. 
V. HURM 
J. ROSENZWEIG 
M. LUDWIG 
W. BENZ 
M. BERROTH 
A. HUELSMANN 
C. KAUFI::L 
K. KOEHLER 
B. RAYNOR 
J. SCHNEIDER 
/Sth Ftbruary 1991 
Fraunhofv·lnJIIrur fuer Ange~·undte Fesrkonpnphysik 
D-7800 f'rtiburg. Germony 
HAIU>Elt, C. S.. VAl< l.EGHJII\OECK, 11., WEIER. R., PATIIICI(, W , and 
VllT11GEit, 1'.; '5·2-GHz bandwidth monolithic GaAs optoelcdronic 
n:c:eivcr',/£££ El«tron Dro. Lm .. 1988. EOI.rt, pp. 171- 173 
HAMAG\K'HI, H .. loCAKJUCtfl, W., KUIUI, T, and WADA. 0. : 'GaAs 
optoclcdroni<: integrated receiver with high-output fast-response 
charaeter~ti<:s',l££f Elwron Dro. Lell .. 1987, EDL-1, pp. 39-41 
KODIL.Ot, K .. ClANSa, P. IACHDI, K. H., MAID, lot., HOR!'o1JSG, J. and 
HVUSIU>N, "- : 'Advan<>Od high electron ooocentr.uion 
GaAJ/ AI,Ga , . ,As pulse-doped double heterostrueturc for devioc 
application'. Proc. or the 17th Int. Symp. on gallium arsenide and 
related oompounds., Jersey. UK, 1990. pp. 521-526 
4 Hlllot.:IMANN. A. KAUFI:l.. G .. KOEHU:It. K. ItA YNOa, B.. SCHEJOU. J , 
and JAKOIOUS. T.: 'E·bcam direct-write in a dry~tched n:c:ess gate 
AIOoAsjGaAs process (or GaAs{AIGaAs circuiiS', Japan. J . of 
Applrtd Physit>, 1990.29, pp. 2317- 2320 
ELECTRONICS LETTERS 25th April 1991 Vol. 27 No. 9 
KAIIFF~. o. and OLANDa. e. : 'Etching or GaAs on AIGaAs in 
RIE·mode'. MaL Res. Soc. Symp. Proe. 1990, 158, pp. 401-406 
6 oom. w. SCHVMACHJ:a, H., KLUGE. J., Gm.llW, H. 1., and BEI'-UJNO, 
H.: 'The DSI diode-a fast large-area optoelcc;tronic detector', 
1£££ Trans. 198S. ED-32, pp. 1034-1036 
735 
